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INTRODUCTION
Freezing and storage in the frozen state leads to decreased viability and fermentative activity of yeast cells (B e r g l u n d et al., 1991) . M a z u r (1963) reported that a number of factors affect damage, and it depends on whether ice is formed intracellularly (high freezing rates), or extracellularly (lower freezing rates). It was concluded that freezing regimes affect strongly the loss of cell viability. Cells are damaged during the freezing process, while the defrosting regime affects insignificantly the survival of yeast cells. Yeast cell metabolism decreases drastically at low temperatures; therefore, long term storage of cells is possible.
High survival level can be achieved by appropriate freezing process: survival about 95% (J a n k o v i ã et al., 1999), or even 100% (P e j i n, 1989). Freezing of yeast suspension in water affects decreased fermentative activity. The decrease of fermentative activity is lower when yeast is frozen in starch dough (B e r g l u n d, 1988).
M a y e r s and A t t f i e l d (1999) consider that the loss of yeast cell viability is affected by freezing of intracellular water, resulting in damage of cytoplasmatic membrane and increase of components in the cytoplasma. This can affect decrease of pH value, increase of dry matter content, and decrease of glycolytic enzymes activity in the cytoplasma.
According to G a o and C r i t s e r (2000), if the loss of water during freezing is higher than the critical moisture content, the proteins and cytoplasmatic membrane are irreversibly denaturated, and this can cause the death of cell. The denaturation of cell parts can be caused by: concentration increase of some ions, change of pH, and hydratation decrease of macromolecules in the cytoplasma. The fermentative activity of yeast in frozen dough is lower by 30-35%, compared to the control (M i k i n å i ã -P e š u t, 1989). Yeast resistance during freezing is affected by duration of dough fermentation before the freezing process, freezing and defrosting rate of dough, frozen storage time, and temperature oscillations during storage (G i a n n o u et al., 2003) .
Several ways of decreasing the effect of freezing and frozen storage on yeast survival and fermentative activity can be found in recently presented papers, even on improving characteristics and quality of frozen dough and obtained bakery products: addition of hydrocolloids, lower water content in prepared dough, higher amount of yeast, compared to the traditional production, and shorter dough fermentation before freezing (G i a n n o u et al. The aim of the research presented in this work was to investigate the possibility of kapa-carragenan use to protect the yeast cells during freezing of dough. k-carragenan-hydrocolloid -is biochemically inert, and can modify the dough structure, bind the free water and control water migration in the dough (R i b o t t a et al., 2004; Ÿ e ÿ e l j, 2005). Binding and immobilization of water decreases the ice crystal formation, and also the damage of glutene and yeast cells (S h a r a d a n a n t and K h a n, 2003b). This is significant from the standpoint of production of bakery products from frozen dough.
MATERIAL AND METHODS
Average quality commercial T-500 flour was used for the production of dough, which was frozen later. Quality characteristics were analyzed according to the Regulations on methods of physical and chemical analyses for quality control of wheat, milling and bakery products, pasta and fast frozen dough (Yugoslav Official Register, N o 74/1988 ). Dough intended for freezing was prepared according to the following procedure: flour + water + bakery yeast (2,5% calculated on flour), placed in the spin kneading machine with helical agitators, and mixed for 10 min at 85 rpm (control). Aiming to investigate the effect of hydrocolloids on yeast, during freezing of dough, k-carragenan (Fluka AG, Buch, Switzerland) was added as a component into the dough prepared according to the described procedure.
The temperature of mixed dough was 20 ± 1°C (K e n n y et al., 2001). The dough was divided into portions, formed without fermentation in mass ( B a r c o n a s et al., 2003), frozen at -35 ± 1°C until -12 ± 1°C was reached in the centre of the sample (freezing chamber KOMA, the Netherlands), according to producer's recommendations. The frozen dough portions were packed in PVC bags, and stored at -20 ± 1°C (chamber KOMA), for 1, 7, 14 and 28 days. The samples were defrosted at +4 ± 1°C for 12 hrs, and for additional 1,5 hr at +20 ± 1°C. The number of living Saccharomyces cerevisiae cells was determined according to the method given in the Rulebook on methods of performing microbiological analyses and superanalyses of food products (Yugoslav Official Register N o 25, 1980) . Pure cultures were transferred into the liquid nutritive medium for yeasts (M i h a j l o v i ã, 1983). Specific growth rate, and fermentative activity according to Einhorn (R e i f f et al., 1960), were determined in regular time intervals, during 24 hrs. The content of cytochromes was determined by method according to O u r e and S u o m al a i n e n (1970), with the aim of determining the respiration intensity.
RESULTS AND DISCUSSION
Number and percentage of survived S. cerevisiae cells in frozen dough are presented in Table 1 . During frozen storage of dough for 28 days, the percentage of living cells from dough surface is 53,11%, and from the centre 54,95%. Comparing these results, it is quite clear that the cells in the centre of the dough are protected from low temperature, and the number of survived cells is higher. In dough samples, prepared with addition of k-carragenan, in concentrations 0,1, 0,3 and 0,5%, the number and percentage of survived cells increases both on the surface and in the centre. In dough with 0,5% a k-carragenan, the percentage of survived cells on dough surface is 61,23%, by 8,12% higher compared to the control sample. In the centre 64,63% cells survived, about 10% more compared to the control. Specific growth rates were calculated according to the method by P e j i n (1989), using the data on content of dry matter determined during multiplication on liquid nutritive medium, under intensive aeration, during 24 h, at 30°C. Analyzing the results from Table 2 , it can be seen that the growth of yeast cells is very intensive during the first four hours. It is also interesting to mention that the specific growth rate of cells, isolated from dough surface, is higher than of cells isolated from the centre of sample. The specific growth rate of pure S. cerevisiae culture decreases with longer storage of frozen dough. In fresh state, the specific growth rate of yeast cells was 0,6047´h -1 , during the first 4 hours of cultivation, and after frozen storage of dough at -20°C, for 28 days, it was 0,517´h -1 . The mean specific growth rate was calculated after 24 hrs of multiplication, and the obtained values showed that the specific growth rate of pure S. cerevisiae cultures decreases constantly with longer fro-zen storage of dough. The mean specific growth rate decreases by about 10%, during 28 days of storage at -20°C.
The addition of hydrocolloid k-carragenan affects positively the specific growth rate of pure cultures isolated from frozen dough samples with addition of 0,5% of k-carragenan. In dough samples, stored for 14 days in frozen state, no significant decrease of specific growth rate, during the first four hours of cultivation was estimated. However, the specific growth rate of pure cultures isolated from dough, kept for 28 days at -20°C, was three times lower, compared to the isolates without addition of k-carragenan. The "lag-phase" of these samples was considerably longer, causing decrease of specific growth rate in the first four hours of cultivation. It is interesting to mention that the mean specific growth rate, determined during 24 hours is higher for isolates from frozen dough samples prepared with k-carragenan, than for solates from frozen doughs without k-carragenan.
The results of fermentative activity of pure S. cerevisiae cultures isolated from frozen dough samples, with and without k-carragenan, are presented in The fermentative activity of pure cultures isolated from frozen dough samples, containing k-carragenan, was about 2 times higher compared to pure cultures isolated from dough without k-carragenan (Table 3 ). This can be explained by the fact that this hydrocolloid binds the water around yeast cells, and protects them from freezing, preventing the formation of large ice crystals which can damage the cell wall and cytoplasmatic cell membrane.
It is interesting to mention that the fermentative activity of cells on dough surface is higher compared to the cells from the middle part. It leads to a conclusion that yeast cells, isolated from the dough surface, are less damaged by the freezing process, than the ones isolated from the middle.
The results of fermentative activity determination for cells isolated from frozen doughs after 28 days, show that the change of this characteristic is insignificant for dough samples without k-carragenan.
Respiratory activity e.g. content of cytochromes after multiplication for 24 h, under aerobic conditions, was also determined in pure cultures, isolated from frozen dough samples, with and without addition of k-carragenan (Tables  4 and 5 The time of storage affects negatively the content of cytochromes aa 3 , b and c (Table 4 ). The decrease of cytochromes aa 3 content is the highest, and of cytochromes b, the lowest. Cytochrome content decrease points to lower activity of respiratory enzymes, which provide energy for the growth of cells. Due to decreased enzyme activity, the yeast cells have no energy necessary for the growth, resulting in decrease of specific cell growth activity. k-carragenan has no positive effect on the content of cytochromes in yeast cells (Table 5 ). In yeast cells isolated after 14 days from frozen dough storage, the content of cytochromes aa 3 is about 10 times lower, the contents of cytochromes b and c are also lower, compared to the samples from frozen dough without k-carragenan. Food Hydrocolloides, vol. 18, [305] [306] [307] [308] [309] [310] [311] [312] [313] . S h a r a d a n a n t, R., K h a n, K. (2003): Effect of hydrophilic gums on the guality of frozen dough II. Bread characteristics, Cereal Chem. 80 (6), 773-780. T a k a n o, H., N a i t o, S., I s h i d a, N., K o i z u m i, M., K a n o, H. (2002): Fermentation process and grain structure of baked breads from frozen dough using freeze-tolerant yeasts, Journal of Food Science, vol. 67, 2725-2733. T a n g h e, A., T e u n i s s e n, A., V a n D i j c k, P., T h e v e l e i n, J. M. (2000):
Identification of genes responsible for improved cryoresistance in fermenting yeast cells, International Journal of Food Microbiology, vol. 55, 259-262. T e u n i s s e n, A., D u m o r t i e r, F., G o r w a, M. F., B a u e r, J., T a n g h e, A., L o i e z, A., S m e t, P., V a n D i j c k, P., T h e v e l e i n, J. M. (2002) romental Microbiology, vol. 68, no. 10, [4780] [4781] [4782] [4783] [4784] [4785] [4786] [4787] . V a n D i j c k, P., G r w a, M. F., L e i m a i r e, K., T e u n i s s e n, A., V e r s e l l e, M., C o l o m b o, S., D u m o r t i e r, F., M a, P., T a n g h e, A., L o i e z, A., T h e v e l e i n, J. M. (2000) Beograd, [9] [10] [11] [12] [13] [55] [56] [57] [58] [59] [60] [61] [62] [63] 69, [120] [121] [122] [123] [124] [125] [126] [127] [128] [129] [130] [131] .
u zamrznutom stawu procenat preÿivelih ãelija na površini testa je bio 53,11%; a u unutrašwosti testa je bio 54,95%. Dodatak k-karagenana u testo poveãao je procenat preÿivelih ãelija u unutrašwosti zamrznutog testa i do 64,63%. Od preÿivelih ãelija S. cerevisiae iz zamrznutih testa metodom agarnih ploåa (Kohovom metodom) izolovane su åiste kulture. Åiste kulture umnoÿavane su, do potrebnih koliåina, u optimalnoj teånoj podlozi za kvasce. U ãelijama S. cerevisiae odreðivan je sadrÿaj citohroma spektrofotometrijskom metodom. Dobijeni rezultati sadrÿaja citohroma su pokazali da proces zamrzavawa kvasnog testa nije uticao negativno na sarÿaj citohroma u preÿivelim ãelijama S. cerevisiae. Umnoÿenim ãelijama odreðivana je brzina rasta i fermentativna aktivnost Einchor-ovom metodom.
